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Feedstock Potentials
Annual Production (gal/Acre)
• Corn: 18
• Soybean 48
• Rapeseed 125
• Canola 127
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• Mustard 140
• Jatropha 202
• Coconut 287
• Palm 636
• Microalgae “4000”
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Microalgae Breakdown 
Advantages
• Non-Arable Land
• Poor water quality 
utilization
Disadvantages
• Water Evaporation
• Technological hurdles
• CO2 capture
• High Productivities
• Year round cultivation
• Growth stage
• Dewater stage
• Extraction stage
Growth Systems ORP
Dunaliella - Eilat, Israel
Seambiotic, Ltd
Growth Systems PBR
James Cook university in Queensland
GreenFuels
James Cook university in Queensland
AlgaeLink / Bioking
GreenFuels
Research Motivation
• Energy uncertainty-Looking for an alternative 
scalable biomass source
• Microalgae need to be critically evaluated
• Fundamental comparison of various new 
production systems
• Design optimization based on growth kinetics
• Realistic scaling
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World Oil Cost
Solix System
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Bulk Growth Model
• 1st level biological model (in order of importance)
– Photosynthesis-Poisson function of irradiance
– Temperature-adjusted Arrhenius eqn
• Effects photosynthesis rate, maintenance reparation rate, max 
nutrient uptake rate
– Nutrient uptake-Droop eqn
• Effects light saturated photosynthesis rate
• Model incorporates 21 species and reactor 
configuration inputs 
• Integrated with diurnal light model for theoretical 
calcualtions
Light modeling
• Major Assumption-incident light is averaged 
over entire culture
– Turbulent mixing provides equal light to all cells
– Photosynthetic efficiency is a function of light 
intensity
– Does not incorporate direct vs. diffuse light 
utilization
• Low density culture has light passing through
• Incorporates Solix reactor geometry
Biomass Growth
• Carbon based model
– Function of absorption coeff, photon efficiency, light 
intensity, temperature, and nutrient uptake
Photosynthetic Rate
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Avg Light Intensity (umol/ms/s)
Light Saturation
Temp eff= Nitrogen eff=1
Temp eff=Nitrogen eff=.9
Temp eff=Nitrogen eff=.5
Respiration Rate
• Maintenance
– Const rate during light/dark
• Metabolic cost of biosynthesis
– Regarding nitrogen reduction and incorporation
– Maintenance is predominate factor
1.19E-07
1.20E-07
1.20E-07
1.20E-07
1.20E-07
1.20E-07
1.21E-07
1.21E-07
1.21E-07
R
e
s
p
e
r
a
t
i
o
n
 
R
a
t
e
 
(
1
/
s
)
Nitrocgen uptake rate (g N/g DW/hr)
Resperation Rate
Maintenance rate
total
0
1E-10
2E-10
3E-10
4E-10
5E-10
6E-10
7E-10
8E-10
9E-10
R
E
p
e
r
a
t
i
o
n
 
R
a
t
e
 
(
1
/
s
)
Nitrogen Uptake rate (g N/g DW/hr)
Metabolic Resperation
Metabolic cost
Temperature Efficiency
• Carbon fixation is dependent on Rubisco
enzyme
1.2
Temperature Efficiency
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Nitrogen Efficiency
• Droop model for nitrogen efficiency
– Does not take into account temperature 
dependence
Nitrogen Efficiency
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Lipid Model
• Lipid production can be triggered/affected by
– Nitrogen, Salinity, Temperature
• Specific to Nannochloropsis oculata
– Lipid predicted by conservation of mass 
incorporating protein percentage and nitrogen 
content
Model Outputs
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Model Sensitivity
• 16 primary input variables varied by +/- 20% with biomass output 
compared to basline
• Model is sensitive to parameters outside 95% confidence interval 
95% confidence interval
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Model Validation- Outdoor Reactor
Reactor Specifics:
• Closed Photobioreactor
• 60 ft in length, 6 inch spacing
• 2.5 VVM 2% CO2 enriched 
sparge system
• Batch growth
• Outdoor light utilization
• Thermal/Structural water basin
Solix Reactors
Model Validation-Outdoor Reactor
• June 2008 PAR data, primary input to model
• Temperature maintained at 23 degrees Celsius 
(+/- 2 degrees), secondary input
Model Validation-Outdoor Reactor
• Model is shown to be with in +/- 0.16 and 0.26 
g/L
• Robust to growth in linear phase (160 hr)
Model Validation-Outdoor Reactor
• Model results Low light condition
Research Flow
Bulk Growth Model
(light, temperature,
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Predictive modeling
• Integrate Model with US historical PAR and 
Temp data to generate Dynamic Map
Power Plant CO2 Production
Tons CO2
Specific Locations
North East
Rocky Mountains
Mid-West
Northern 
California
South
Southern California
South East
Tons CO2
Rocky Mountain Simulation
Rocky Mountain Growth
• 945 kg CO2 sequestered
• Predicted June production of 266 gal/ (acre*yr) (3192 gal/(acre*yr))
Preliminary Results
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Preliminary Results
Highest 
Yield
High Yield
Medium 
Yield Winter Shut Down Zone
Low Yield
Water Availability issues
Promising Production Locations
Year Round Growth
Water Availability
CO2 Availability
Near Term Work
• Thermal Basin model integration for more 
realistic productivity predictions
• Full integration with Weather Data Base to 
produce Dynamic Map
• Adaptation of model to other species
Summary
• Validated Bulk Growth Model yields realistic 
productivity potential
• Important logistic tool in large scale 
microalgae production
• Illustrates the need for more detailed 
modeling regarding light utilization (diffuse vs
direct light)
• Current Realizable Potential of Microalgae
Questions?
